1. Introduction
===============

Hepatitis B virus (HBV) infection is one of the major health problems in the world, causing acute and chronic hepatitis, hepatic cirrhosis and hepatocellular carcinoma (HCC) \[[@B1-ijms-15-21455]\]. The global prevalence of hepatitis B surface antigen (HBsAg) varies \[[@B2-ijms-15-21455]\]. In Japan, the HBV carrier rate was estimated at 0.71% in 2005 \[[@B3-ijms-15-21455]\]. It was recommended that HBV carriers requiring immunosuppressive or cytotoxic therapy should be treated with nucleos(t)ide analogues (NUCs) \[[@B2-ijms-15-21455]\].

Occult HBV infection is characterized by the presence of HBV DNA in the liver, and in some patients also in the serum in the absence of HBsAg \[[@B4-ijms-15-21455]\]. In general, patients with an antibody to the hepatitis B core antigen (anti-HBc) and/or to the hepatitis B surface antigen (anti-HBs) are regarded as experiencing previous HBV infection \[[@B2-ijms-15-21455]\], which may be related to the fact that there are no universal vaccination programs against HBV in Japan. Previous studies demonstrated that transmission of HBV could occur in recipients from anti-HBc-positive donors in living related liver transplants \[[@B5-ijms-15-21455],[@B6-ijms-15-21455]\]. Despite having anti-HBs, chemotherapy or immunosuppression, the reactivation of HBV occurs with the reappearance of HBV DNA with or without HBsAg \[[@B7-ijms-15-21455]\]. Thus, patients with previous exposure to HBV as well as patients currently infected with HBV face the possibility of experiencing HBV reactivation and severe liver diseases. The management of these patients, and especially those with previous exposure to HBV, is still not firmly established.

HBV infection is relatively frequent in allogeneic hematopoietic stem cell transplantation (HSCT) recipients and especially in those geographical regions where HBV infection is endemic \[[@B8-ijms-15-21455]\]. The prevalence of HBsAg-positive patients was 0.1%--1%, 10%--30% and 22.7% in the United States, Turkey and Asia--Pacific region, respectively \[[@B8-ijms-15-21455],[@B9-ijms-15-21455]\]. It was reported that the disappearance of anti-HBs positivity was observed in recipients from serum anti-HBs-negative donors and that these recipients faced a higher risk of HBV infection was higher in these recipients \[[@B8-ijms-15-21455]\]. Calcineurin inhibitors such as cyclosporine and tacrolimus have improved the outcomes of HSCT \[[@B10-ijms-15-21455]\], and rituximab, a chimeric mouse/human immunoglobulin G1 (IgG1) kappa monoclonal antibody with high affinity for CD20 antigen, which is robustly expressed by normal and malignant B cells, is also occasionally applied during the transplant treatment course \[[@B11-ijms-15-21455]\]. However, the use of potent immunosuppressants was found to increase the probability of HBV reactivation in allogeneic HSCT recipients \[[@B12-ijms-15-21455]\]. The balance between HBV replication and immune control after HSCT may contribute to HBV reactivation, occasionally resulting in fatal liver failure \[[@B10-ijms-15-21455]\].

In the present study, we retrospectively examined the incidence of HBV reactivation among HSCT recipients with hematologic malignancies at our hospital in Japan, where no universal vaccination programs against HBV exist. We also evaluated the status of serum HBV markers and confirmed the effectiveness of NUCs against HBV reactivation. This study could provide new information about HBV reactivation after HSCT in HBsAg-positive and HBsAg-negative recipients.

2. Results
==========

2.1. Hepatitis B Virus (HBV) Reactivation from Hepatitis B Surface Antigen (HBsAg)-Positive Recipients
------------------------------------------------------------------------------------------------------

In 120 recipients with HSCT before 2000, only 1 (1%) was HBsAg-positive and the other 119 (99%) recipients were HBsAg-negative. This single HBsAg-positive recipient experienced HBV reactivation accompanied by elevation of alanine aminotransferase (ALT) (1550 IU/L) 3 months after allogeneic HSCT for acute myeloid leukemia (AML) with cyclosporine and corticosteroid, and she was successfully treated with lamivudine and entecavir 106 months later.

In 293 recipients with HSCT in 2000 or after, 4 (1%) and 289 (99%) recipients were HBsAg-positive and -negative, respectively. Of the 4 HBsAg-positive recipients, one with autologous HSCT for multiple myeloma (MM) experienced HBV reactivation 1 month after HSCT, and he was successfully treated with lamivudine. The other 3 recipients (2 with autologous HSCT and 1 with allogeneic HSCT) were prophylactically treated with NUCs, and during the follow-up periods, up-regulation of HBV DNA levels was transiently observed, but they subsided without further treatment. In all 5 HBsAg-positive recipients, HBV DNA levels could be well controlled by the administration of NUCs.

2.2. HBV Reactivation from HBsAg-Negative Recipients
----------------------------------------------------

Of a total of 408 HBsAg-negative recipients with HSCT, 11 (2.7%) experienced HBV reactivation. In 119 HBsAg-negative recipients with HSCT before 2000 and 289 HBsAg-negative recipients with HSCT in 2000 or after, 5 (4%) and 6 (2%) recipients, respectively, experienced HBV reactivation. Among 15 (13%) HBsAg-negative recipients before 2000 and 96 (33%) HBsAg-negative recipients with autologous HSCT in 2000 or after, none had HBV reactivation. As for allogeneic HSCT recipients, 5 of 104 (5%) HBsAg-negative recipients before 2000 and 6 of 193 (3%) HBsAg-negative recipients in 2000 or after experienced HBV reactivation, respectively (no significant difference between the two periods).

2.3. Status of the Antibody to the Hepatitis B Surface Antigen (anti-HBs) and to the Hepatitis B Core Antigen (anti-HBc) in HBsAg-Negative Recipients with HBV Reactivation
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Among 289 HBsAg-negative recipients with HSCT in 2000 or after, at least 83 (29%) had experienced previous HBV infection ([Table 1](#ijms-15-21455-t001){ref-type="table"}). In 6 (2%) of these 289 HBsAg-negative recipients, HBV reactivation was observed: 4 (11%), 1 (2%) and 1 (2%) were observed in the groups of 35 anti-HBc-positive, 48 anti-HBc-negative/anti-HBs-positive and 49 unknown ([Table 1](#ijms-15-21455-t001){ref-type="table"}). Cumulative HBV reactivation rates were higher in the anti-HBc-positive recipients than those in the others (*p* \< 0.001, log-rank test; [Table 1](#ijms-15-21455-t001){ref-type="table"}).

ijms-15-21455-t001_Table 1

###### 

Prevalence of antibodies to hepatitis B core antigen (anti-HBc) and to hepatitis B surface antigen (anti-HBs), and hepatitis B virus (HBV) reactivation rates in the 289 hepatitis B surface antigen (HBsAg)-negative recipients with hematopoietic stem cell transplantation (HSCT) in 2000 or after.

  Status of Anti-HBc/Anti-HBs   Number of Patients   Number of HBV Reactivation   Cumulative HBV Reactivation Rates
  ----------------------------- -------------------- ---------------------------- -----------------------------------
  (+)/(+)                       27 (9%)              4 (11%)                      9.1% at 2 years; 14.5% at 5 years
  (+)/(−)                       8 (3%)               0 (0%)                       
  (−)/(+)                       48 (17%)             1 (2%)                       0.4% at 2 years; 1.3% at 5 years
  (−)/(−)                       157 (54%)            0 (0%)                       
  NA/NA                         49 (17%)             1 (2%)                       

(+), positive; (−), negative; NA, not available.

2.4. Characteristics of HBsAg-Negative Recipients with HBV Reactivation
-----------------------------------------------------------------------

Characteristics of the 11 HBsAg-negative recipients with HBV reactivation after HSCT are shown in [Table 2](#ijms-15-21455-t002){ref-type="table"} and [Table 3](#ijms-15-21455-t003){ref-type="table"}. Information about the donor's HBV serology, for those with HBV reactivation, was also shown in [Table 3](#ijms-15-21455-t003){ref-type="table"}. In 10 (91%), HBV reactivation was observed within 3 years after HSCT (4--91 months, median 19 months). In 9 (82%) of the 11, HBV reactivation occurred during immunosuppression treatment. In all 11 recipients, HBsAg reappeared. Eight of 11 recipients were treated with NUCs. Among them, 4 patients received lamivudine and 4 received entecavir. Of these 8 patients, 3 achieved HBsAg to anti-HBs seroconversion 8 to 48 months after lamivudine therapy (median 11 months), and they successfully stopped the therapy without recurrence. Another recipient achieved HBsAg clearance 15 months after entecavir therapy. These 4 recipients were treated with NUCs immediately after HBV reactivation, and achieved HBV DNA \<2.6 log copies/mL with a median treatment period of 2.5 months (1--7 months) ([Table 3](#ijms-15-21455-t003){ref-type="table"}). In the remaining 4 recipients, HBV DNA was decreased in response to NUCs therapy, but it still remained positive during the observation period. There were no serious adverse events related to NUCs therapy. Fortunately, no recipients advanced to acute liver failure, and none died due to liver diseases in the present study.

ijms-15-21455-t002_Table 2

###### 

Characteristics of 11 HBsAg-negative recipients with HBV reactivation after hematopoietic stem cell transplantation (HSCT).

  Case   Age (Years)   Gender   Type of Disease   Transplant Type          HSCT Type   Year of HSCT   Period of Immunosuppression after HSCT (Months)   Outcome             Cause of Death      Period from HSCT to Outcome (Months)
  ------ ------------- -------- ----------------- ------------------------ ----------- -------------- ------------------------------------------------- ------------------- ------------------- --------------------------------------
  1      42            Male     AML               Allogeneic               BMT         1988           NA                                                Death               Unknown             18
  2      44            Male     CML               Allogeneic               BMT         1994           \>20                                              Death               Unknown             89
  3      37            Male     ALL               Allogeneic               BMT         1995           8                                                 Death               Primary disease     188
  4      46            Male     AML               Allogeneic               BMT         1997           47                                                Death               Renal failure       47
  5      40            Female   AML               Allogeneic               PBSCT       1999           48                                                Death               Infection           48
  6      49            Female   CML               Allogeneic               PBSCT       2000           54                                                Alive                                   163
  7      49            Male     MM                Autologous/ Allogeneic   PBSCT       2000           37                                                Death               Primary disease     105
  8      22            Male     ALL               Allogeneic               PBSCT       2004           52                                                Alive                                   109
  9      54            Male     MDS               Allogeneic               BMT         2008           65                                                Death               Esophageal cancer   66
  10     53            Female   NHL               Allogeneic               BMT         2010           31                                                Lost to follow-up   NA                  31
  11     39            Male     MF                Allogeneic               PBSCT       2005           100                                               Alive                                   100

HSCT, hematopoietic stem cell transplantation; NA, not available; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; ALL, acute lymphoblastic leukemia; MM, multiple myeloma; MDS, myelodysplastic syndrome; NHL, non-Hodgkin lymphoma; MF, myelofibrosis; BMT, bone marrow transplantation; PBSCT, peripheral blood stem cell transplantation.

ijms-15-21455-t003_Table 3

###### 

HBV status in HBsAg-negative recipients who experienced HBV reactivation after hematopoietic stem cell transplantation (HSCT) and their donors.

  Recipients (Before HSCT)   Recipients (After HSCT)   Donor                                                                   
  -------------------------- ------------------------- ------- ---- ---- ----- ----- ----- -------------- ------- ------ ----- -----
  1                          NA                        NA      2    8    (+)   ND    NA    HBsAg (−)      NA      NA     NA    NA
  2                          NA                        NA      1    18   (+)   ND    NA    HBsAg (+)      19 \*   NA     NA    NA
  3                          NA                        NA      0    33   8.2   ETV   141   HBsAg (+)      12      12     (−)   (−)
  4                          NA                        NA      0    10   (+)   ND    NA    NA             NA      NA     (−)   (−)
  5                          NA                        NA      0    19   7.4   LAM   24    HBsAg (+)      1       1      NA    NA
  6                          (+)                       (+)     10   28   4.5   LAM   0     anti-HBs (+)   8       \>8    NA    NA
  7                          (+)                       NA      0    31   7.3   LAM   0     anti-HBs (+)   48      9      NA    NA
  8                          (+)                       (−)     0    4    4     LAM   0     anti-HBs (+)   11      \>11   (−)   (−)
  9                          (+)                       (+)     5    14   8.9   ETV   41    HBsAg (+)      10      \>10   (−)   (−)
  10                         (+)                       (+)     3    20   \>9   ETV   4     HBsAg (+)      6       \>6    (−)   (−)
  11                         (+)                       (+)     74   91   8.6   ETV   0     HBsAg (−)      15      \>15   (−)   (−)

HSCT, hematopoietic stem cell transplantation; NUCs, nucleos(t)ide analogues; anti-HBs, antibody to hepatitis B surface antigen; anti-HBc, antibody to hepatitis B core antigen; (+), positive; (−), negative; NA, not available; ND, not done; LAM, lamivudine; ETV, entecavir.; \* Period from detection of HBsAg-positive to HBV outcome.

3. Discussion
=============

In the present study, the HBV reactivation rate was 100% in HBsAg-positive recipients with HSCT in the absence of HBV prophylaxis. In HBsAg-negative recipients with HSCT, 2.7% of the recipients experienced HBV reactivation. HBV reactivation was observed in 11% of HBsAg-negative and anti-HBc-positive recipients, although the number of study samples was relatively small. Notably, all recipients with HBV reactivation were successfully treated with NUCs, although some needed long-term treatment after HSCT. To add support to this conclusion, further extended follow-up periods will be needed.

In HBsAg-positive recipients, the prophylactic use of NUCs was effective for preventing HBV reactivation, supporting previous reports \[[@B13-ijms-15-21455],[@B14-ijms-15-21455],[@B15-ijms-15-21455],[@B16-ijms-15-21455]\]. In the case of HBsAg-positive recipients, NUCs seem effective when administered with allogeneic \[[@B14-ijms-15-21455]\] as well as with autologous HSCT \[[@B9-ijms-15-21455],[@B13-ijms-15-21455]\]. In the present study, the 5 HBsAg-positive cases could not become NUCs-free during the follow-up periods. All patients died of primary diseases after receiving NUCs for a median period of 15 months (2--224 months). Lin *et al.* \[[@B17-ijms-15-21455]\] reported fatal fulminant hepatitis B cases after withdrawal of prophylactic lamivudine in HSCT. Extended NUCs therapy may be safe and effective for the prevention of HBV reactivation in HBsAg-positive recipients with HSCT \[[@B18-ijms-15-21455]\].

In HBsAg-negative recipients, we found that HBV reactivation was a rare event in both anti-HBc-negative and anti-HBs-negative recipients with HSCT. HBV reactivation occurred in almost all cases with anti-HBc and/or anti-HBs, except one case whose anti-HBc/anti-HBs status was unknown ([Table 1](#ijms-15-21455-t001){ref-type="table"}). The status of anti-HBc and anti-HBs as well as HBsAg should be confirmed before performing HSCT, as in previous reports \[[@B19-ijms-15-21455],[@B20-ijms-15-21455]\]. Goyama *et al.* \[[@B19-ijms-15-21455]\] reported that the use of corticosteroids, the lack of anti-HBs in donor, and a decrease in serum anti-HBc and anti-HBs levels may predict reverse seroconversion after HSCT. Of note, HBV reactivation occurred in 82% of HBsAg-negative cases during immunosuppressive treatment in the present study. Some recent guidelines \[[@B21-ijms-15-21455],[@B22-ijms-15-21455],[@B23-ijms-15-21455]\] have been recommended to start prophylactic antiviral therapy for HBsAg-negative recipients with anti-HBc and receiving HSCT. Tomblyn *et al.* \[[@B22-ijms-15-21455]\] reported that, if the HSCT recipient is anti-HBc-positive and anti-HBs-positive, the risk of HBV reactivation is considered low during chemotherapy/conditioning, but it is thought to be higher following prolonged treatment with prednisone for graft-*versus*-host disease. They \[[@B22-ijms-15-21455]\] also recommended that prophylactic antiviral treatment may be considered for anti-HBc-positive and anti-HBs-positive recipients before, and for 1 to 6 months after HSCT.

It is known that HBV vaccine could induce anti-HBs in a majority of vaccinees \[[@B24-ijms-15-21455]\]. Because there are no universal vaccination programs against HBV in Japan, HBV infections are still viewed as an important issue \[[@B25-ijms-15-21455]\]. Then, we should consider recipients with anti-HBs as having experienced HBV infection, perhaps a setting different from other countries where universal vaccination programs against HBV exist. HBV immunization of recipients of allogeneic HSCT results in a protective antibody response against HBV \[[@B26-ijms-15-21455]\], and further studies concerning this issue are urgently required in our country.

Hui *et al.* \[[@B27-ijms-15-21455]\] reported that it is uncertain whether late HBV-related hepatitis is due to *de novo* hepatitis B infection or transmission from donors. In our study, at least 6 of 11 donors for HBsAg-negative-recipients with HBV reactivation did not have anti-HBs and/or anti-HBc ([Table 3](#ijms-15-21455-t003){ref-type="table"}). As for the frequency of follow-up of these recipients, most of them did not receive HBsAg/anti-HBs checks regularly after HSCT, or regular follow-up. As recent Japanese guidelines recommended that recipients with HBsAg, anti-HBs, or anti-HBc should receive HBsAg/anti-HBs examinations regularly after HSCT, or regular follow-up \[[@B28-ijms-15-21455]\], we plan to perform monitoring of HBV DNA monthly for 12 months after HSCT, and monthly once per 3 months after that.

In the present study, we did not observe recipients with fatal severe liver diseases. This might be because we used NUCs in the early stage of HBV reactivation. In HBsAg-negative recipients who are anti-HBc-positive and/or anti-HBs-positive, close monitoring including the measurement of HBV DNA as well as ALT levels should be mandatory. Although the intervals of this monitoring may be discussed, the present study suggested that immediate use of NUCs might be safe and effective for the prevention of HBV reactivation in HBsAg-negative recipients with HSCT.

4. Patients and Methods
=======================

4.1. Ethics
-----------

This work was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. This retrospective study was approved by the Ethics Committee of Chiba University, Graduate School of Medicine on 31 January 2014 (No. 1754). Informed consent for participation in this study was obtained from all patients and/or their families by posting a notice in our institutes.

4.2. Patients
-------------

A total of 413 recipients (mean observation period, 25 (0--309) months), treated with HSCT at Chiba University Hospital, Chiba, Japan between June 1986 and March 2013, were retrospectively reviewed for the occurrence of HBV reactivation. The patient characteristics are shown in [Table 4](#ijms-15-21455-t004){ref-type="table"}. The recipients were divided into two groups: recipients treated with HSCT from 1986 to 1999 (before 2000), and recipients treated with HSCT from 2000 to 2013 (in 2000 or after), as nucleic acid amplification testing (NAT) of donated blood for infectious agents was introduced in Japan in October 1999, and Japanese health insurance approved the first NUC, lamivudine, for the treatment of hepatitis B recipients in September 2000.

ijms-15-21455-t004_Table 4

###### 

Patient characteristics in the present study.

  Characteristics               Total (*n* = 413)   1986--1999 (*n* = 120)   2000--2013 (*n* = 293)
  ----------------------------- ------------------- ------------------------ ------------------------
  Gender                                                                     
  Male, *n* (%)                 250 (60.5)          70 (58.3)                180 (61.4)
  Female, *n* (%)               163 (39.5)          50 (41.7)                113 (38.6)
  Median age, years (range)     42 (15--69)         32 (15--57)              47 (16--69)
  Type of disease, *n* (%)                                                   
  AML                           115 (27.8)          36 (30.0)                79 (26.7)
  ALL                           61 (14.8)           28 (23.3)                31 (10.6)
  CML                           38 (9.2)            20 (16.7)                18 (6.1)
  MDS                           31 (7.5)            9 (7.5)                  22 (7.5)
  Lymphoma                      84 (20.3)           18 (15.0)                68 (23.2)
  Plasma cell dyscrasia \*^1^   61 (14.8)           0 (0)                    61 (20.8)
  Aplastic anemia               16 (3.9)            9 (7.5)                  7 (2.4)
  Others \*^2^                  7 (1.7)             0 (0)                    7 (2.4)
  Transplant type, *n* (%)                                                   
  Autologous                    114 (27.6)          15 (12.5)                99 (33.8)
  Allogeneic                    299 (72.4)          105 (87.5)               194 (66.2)
  For Allogeneic-SCT                                                         
  Donor source, *n* (%)                                                      
  Related                       126 (42.1%)         59 (56.2%)               67 (34.5%)
  Unrelated                     135 (45.2%)         46 (43.8%)               89 (45.9%)
  Unrelated cord blood          38 (12.7%)          0 (0%)                   38 (19.6%)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome; SCT, stem cell transplantation. \*^1^ Plasma cell dyscrasia included multiple myeloma, AL amyloidosis and POEMS syndrome; \*^2^ Others included primary myelofibrosis, chronic active EB virus infection and chronic eosinophilic leukemia.

4.3. Serological Examination
----------------------------

HBsAg, anti-HBs and anti-HBc were determined by ELISA or chemiluminescent enzyme immunoassay (CLEIA) \[[@B29-ijms-15-21455]\]. Depending on the time-point during this retrospective study, HBV DNA was measured by Roche Amplicore PCR assay (detection limit: 2.6 log IU/mL), COBAS TaqMan HBV test v2.0 (detection limit: 2.0 log IU/mL) (Roche Diagnostics, Basel, Switzerland), or PCR methods. If needed, we performed in-house nested PCR \[[@B29-ijms-15-21455]\]. All serological tests were performed at the Central Laboratory of Chiba University Hospital.

HBsAg was measured in all recipients before and after HSCT. Among 120 recipients with HSCT before 2000, anti-HBs and anti-HBc were measured in only 10 (8%) recipients. Among the patients with HSCT performed in 2000 or after, the recipients were further divided into two groups: 2000--2005 and 2006--2013. Of 121 recipients with HSCT in 2000--2005, anti-HBs and anti-HBc were measured in 76 (63%) recipients. Finally, among 172 recipients with HSCT in 2006--2013, anti-HBs and anti-HBc were measured in 168 (98%) recipients ([Figure 1](#ijms-15-21455-f001){ref-type="fig"}). HBsAg, anti-HBs and anti-HBc were measured for screening in almost all recipients after the Japanese Health and Labor Sciences Research Group for "Clarification of current status for reactivation of hepatitis B virus associated with immunosuppressants and antineoplastics and establishment of preventive measures" started a registry in 2009 for HBV-infected patients with hematopoietic malignancies \[[@B28-ijms-15-21455]\].

![Surveillance rates of antibodies to hepatitis B core antigen (anti-HBc) and to hepatitis B surface antigen (anti-HBs) according to the time of hematopoietic stem cell transplantation (HSCT).](ijms-15-21455-g001){#ijms-15-21455-f001}

4.4. Definition of HBV Infection Status and HBV Reactivation
------------------------------------------------------------

In the present study, before HSCT, the recipients were divided into two groups according to HBsAg: HBsAg-positive and HBsAg-negative. Among the HBsAg-negative recipients, anti-HBc-positive and/or anti-HBs-positive recipients were considered as having experienced previous HBV infection \[[@B2-ijms-15-21455]\], and recipients without anti-HBc and anti-HBs were considered as having no previous or current HBV infection.

We defined ≥1 log IU/mL increase in serum HBV DNA from nadir as HBV reactivation in HBsAg-positive recipients. We also defined ≥1 log IU/mL increase, or the re-appearance of HBV DNA from baseline and/or HBsAg, as HBV reactivation in HBsAg-negative recipients.

4.5. Statistical Analysis
-------------------------

Statistical analyses were performed using Statview-J 5.0 (SAS institute, Cary, NC, USA). HBV reactivation rates were calculated by Kaplan-Meier method and evaluated by log-rank test. Baseline was taken as the date of HSCT. *p* \< 0.05 was considered statistically significant.

5. Conclusions
==============

HBV reactivation was a common event in HBsAg-positive recipients with HSCT for hematologic malignancies, NUCs are safely and effectively used in these recipients, and extended NUCs therapy may be needed for the prevention of HBV reactivation. In addition, HBV reactivation was occasionally observed in HBsAg-negative recipients with anti-HBc and/or anti-HBs and treated with HSCT, and the immediate use of NUCs could prevent the progression to severe liver damage. Special attention should be paid to recipients with previous exposure to HBV.
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